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METHOD FOR THE CONTROL OF PARTICLE
SIZE IN THE PRODUCTION OF ATOMIZED
METAL

This is a division of appliction Ser. No. 440,967, filed
Nov. 12, 1982, now U.S. Pat. No. 4,449,902.

BACKGROUND OF THE INVENTION

This invention relates to the production of atomized
metal powder and more particularly to improved appa-

10

ratus for the production of atomized metal powder 1n a

safer and more efficient manner.

The production of atomized powder of metals, such
as aluminum, magnesium and the like, carries with it the
attendant risk of explosion. |

Conventionally, therefore, atomized metal powder is
produced using a containment or chilling chamber into
which the atomized metal stream is injected through an
open end of the chamber positioned adjacent the atom-
izer and a liquid metal reservoir, the atomized metal
stream being cooled or chilled with air introduced
through the open end by a downstream exhaust fan.
Such a system can result in safety hazards because any
explosion occurring in the system can propagate back-
wards to the open-ended chiller chamber, often expos-
ing operating personnel to hazardous conditions. Fur-
thermore, the release of resultant burning aluminum
particles with intense heat radiation through the open
end of the containment vessel upon occurrence of an
explosion can also result in further safety hazards.

While the use of a closed atomizing apparatus using a
vertical updraft chiller chamber has certain advantages,
it would be desirable to control the molten metal pres-
sure to the atomizing nozzle to compensate for varia-
tions in chamber pressure, thereby affording greater
control of particle size. This is particularly true when
the system is designed to operate above atmospheric
pressure using a “pushing” system with a blower to
push the sweeping gas into the system as opposed to
operating below atmospheric pressure using an eductor
exhaust system, e.g., eductor, to pull the sweeping gas
into the system.

The present invention solves these various problems
in the prior art by providing a system which will permit
adjustment of molten metal pressure and will also con-
tain the gases and burning particles should an explosion

OCCUI.

SUMMARY OF THE INVENTION

It is, therefore, an object of the invention to provide
apparatus for the production of atomized metal which
will mitigate and contain the effects of uncontrolled
oxidation reactions by the atomized metal particles.

It is another object of the invention to provide appa-
ratus for the production of atomized metal which will
inhibit the occurrence of uncontrolled oxidation reac-
tions by the atomized metal particles.

It is yet another object of the invention to provide
apparatus for the production of atomized metal which
provides variable pressure on the molten metal to be
atomized. ~ |

It is a further object of the invention to provide appa-
ratus for the production of atomized metal where means
are provided to control the pressure of the molten metal

to be atomized.
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These and other objects of the invention will become
apparent from the description and accompanying draw-
ings.

In accordance with the invention, apparatus for the
production of atomized metal is provided comprising a
containment vessel having a sidewall terminating in an
end wall through which atomizing gas and molten
metal from a molten metal source enter the vessel
through nozzle means sealed thereto. A restricted air
ingress port is provided in the vessel spaced from the
end plate, the sidewall and the end plate cooperating
with the nozzle means to seal off the interior of the
vessel and the metal particles therein from the area
adjacent the source of molten metal. The source of
molten metal includes a reservoir having at least a por-
tion above the nozzle means whereby the metal level 1n
the reservoir provides an adjustable pressure head for
the metal entering the vessel through the nozzle means
which is adjusted by varying the level of the molien
metal in the reservoir.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a schematic flowsheet of the atomized metal

product apparatus.
FIG. 2 is a side view partially in section of the con-

tainment vessel.
FIG. 3 is a side section view of a portion of the vessel
shown in FIG. 2.
'FIG. 4 is a fragmentary side section view of another

embodiment of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring now to the drawings, FIG. 1 illustrates,
schematically, the apparatus for producing and be pro-
vided from a molten metal crucible 10 or an ingot 12
which is charged to a holding/melting furnace 20 con-
nected via duct 22 to a reservoir 30 adjacent contain-
ment vessel 40. One or more atomizing nozzles 32 are
mounted to the end plate 46 of vessel 40 to provide
communication with the molten metal in reservoir 30.

The atomized metal produced in vessel 40 is swept
out of vessel 40 through duct 88 to primary cyclone
separator 90 which passes the coarse particles to pow-
der tank 100 via conveyor 102. Finer particles, includ-
ing fines, are removed from the air stream in one or
more secondary cyclone separators 92 from whence
they may be passed to powder tank 100 or separately
packaged. The fines may be packaged separately or
reblended with the coarser particles if a wider particle
size distribution is desired.

Containment vessel 40, as shown in more detail in
FIGS. 2 and 3, comprises an outer cylindrical shell 42
terminating at one end in a truncated cone 44 to which
is mounted end plate 46 which carries nozzles 32. End
plate 46 seals off the end of cone 44 except for the open-
ings for nozzles. This provides essentially a closed con-
tainment vessel or chiller chamber 40, particularly with
respect to the area in which the nozzles are mounted.

Shell 42 is provided with an opposite, open end 48
which provides an air entry for the cooling and collect-
ing gases, e.g. air, introduced into containment vessel 40
in accordance with the invention, as will now be de-
scribed.

Concentrically mounted within the portion of outer
cylindrical shell 42 adjacent end plate 46 is a second
cylinder 52 (FIG. 3) of sufficiently smaller outer diame-
ter to define an annular passageway 50 between cylin-
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. 3
ders 42 and 52. In FIQ. 3, it will be seen that cylinder 52
is provided at one end with a conical member 54 which
may be welded or fastened at 56 to a ring 60 which is
spaced or suspended below the lower end of conical
member 54 to provide an opening therebetween. Ring
60 has an outer edge portion 63 which protrudes into
the extension of annular passageway 50 defined by the

walls of truncated cone 44 and conical member 54.
Outer edge portion 63 serves to flow or channel air into

vessel 52 for purposes to be explained later. Referring
again to FIG. 3, it will be seen that ring 60 may be
suspended from truncated member 54 by members 64.

Cool air is pulled into vessel 40 by eductor means 400,
for example, shown in FIG. 1. The air enters the annu-
lar opening 48 (FIG. 2) of outer cylinder 42, passes
through filters 70 into annular passageway 50 and into
the end of vessel 40 adjacent nozzles 32. This cool air,
passing through annular passageway 50, at a velocity in
~ the range of about 1000 to 6000 ft./min., serves to keep
the inner wall of vessel 40, i.e., the wall of cylinder 52,
cool thereby inhibiting particle deposition thereon.

Annular opening 48 is defined by a shield member 49
and annular ring 51. Shield member 49 1s supported and
fastened to annular ring 51a and member 33, which in
turn are secured to vessel 40 to inhibit water or other
materials being ingested during operation, particularly
when this part of the vessel i1s exposed to the atmo-
sphere. It will be appreciated that during operation, in
-one embodiment, large volumes of air are ingested

through opening 48 for cooling the walls of the chiller
~chamber of containment vessel 40 and for purposes of
carrying the atomized powder out of the vessel. From
FIGS. 2 and 3, it will be seen that the annular passage-
~ way 50 beiween inside vessel 52 and outside vessel 42

‘opens into annular opening 48.

.. Filters 70 may be any conventional filters used for

filtering air and are disposed annularly around the pe-

.riphery of rings 51 and 5la and secured thereto by

..conventional means. |

—... It should be noted that the intake has been shown as
spaced apart from both the end plate and nozzles to
provide an isolation of the air intake from the nozzle
and external molten metal to mitigate hazardous condi-
tions. Other structural configurations to accomplish this
- result can also be used, such as one-way check valves or
other labyrinth structures.

In another aspect of the invention, it has been found
that the temperature of cylinder wall 52 is important.
That 1s, 1t has been found that if the temperature of the
wall 1s permitted to substantially exceed 300° F., the
molten metal, e.g., aluminum, in atomized form, has a
tendency to stick or become adhered to the cylinder
wall in substantial quantities and subsequently break
loose, causing unsafe conditions. Accordingly, it has
been found, for example, with respect to aluminum, that
sticking 1s minimized or is virtually eliminated by low-
ering the wall temperature of cylinder 52 to preferably
less than 250° F. with a typical temperature being less
than 225° F. The temperature of the wall of cylinder 52
can be lowered by the collection air introduced at annu-
lar opening 48.

To provide for cooling of the walls by using collec-
tion air, the materials used in construction of the inner
cylinder wall 52 should be selected with heat transfer
characteristics as well as more conventional corrosion
characteristics in mind. For example, it is preferred that
materials, such as stainless steels or chrome plated mate-
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4

rials, such as chrome plated copper or the like, should
be selected.

The molten metal in reservoir 30 is initially aspirated
therefrom through nozzle 32 by means of the atomizing
gas introduced to the nozzle. The atomizing gases, ei-
ther hot or cold, may be inert gases or other gases.
Similarly, the collecting gases may be either hot or cold

(but preferably cold), and may be either inert gases or
other gases provided with a predetermined amount of

oxidizing gases to provide a minimum protective oxida-
tion layer on the particle surface to minimize any subse-
quent oxidation reactions upon exposure o the collect-
ing gases, such as air, which both cool and sweep the
metal particles out of containment vessel 40.

Ring 60 1s provided with an outer edge portion 63, as
noted above, which protrudes into the portion of the
annular passageway 50 between truncated cone 44 and
conical member 54. Outer edge portion 63, because of
its spacing with respect to conical member 54, restricts
and redirects a portion of the air and serves to thereby
project or propel the metal particles to aid in transport
of the metal particles to the discharge end of chiller
chamber 40 without drop-off on the bottom of the
chamber. |

To further assist in preventing drop-off of metal pow-
der from the particle stream and accumulation along the
bottom of chiller chamber 40, a series of small openings
57 may be placed in cylinder 52, as shown in FIG. 3,
thereby permitting some of the air entering chiller
chamber 40 via annular passageway 50 to be diverted
directly into cylinder 52. In this way, such metal parti-
cles are prevented from accumulating at the bottom of
the vessel and interfering with the atomizing process.

Additionally, a jet of air may be directed along the
boitom of chamber 40 from plate 46 to clear out any
particle accumulations and to further sweep the metal
particles toward discharge or exit port 78. Such a jet of
air could be continuous or could be activated only when
needed. A convenient source of such a jet which may be
used 1s the atomizing air source.

Inner cylinder 52, which comprises the inner wall of
vessel 40, tapers at the opposite end into an exit port 78
permitting the metal particles egress to duct 88 which
carries them to cyclone separator 90. The portion of
cylinder 52 adjacent the opposite end may also be pro-
vided with one or more pressure relief hatches 72 re-
leasably mounted on and forming a portion of the wall
of cylinder 52. Preferably, such hatches, when used, are
releasably attached to cylinder wall 52 by a restraining
means, such as hinge means to inhibit the hatch from
blowing away upon a sudden buildup in pressure.

Nozzle 32 1s removably mounted between end plate
46 and reservoir 30. Nozzle 32 is provided with a center
bore through which flows molten metal to be atomized.
Nozzle 32 is in communication with reservoir 30 con-
taining the molten metal. Air, under pressure, enters
nozzle 32 via tube 24 and 1s emitted adjacent the central
bore at the end of the nozzle connected to end plaie 46
to atomize the molten metal. Atomizer portion of noz-
zle 31, which forms no part of the present invention,
may be constructed in accordance with well known
principles of atomization construction, such as, for ex-
ample, shown in Hall U.S. Pat. No. 1,545,253.

Tube 24 may be detachably connected to a manifold
26 through a quick-disconnect seal fitting 28 (FIG. 2) to
facilitate easy removal of tube 24. Manifold 26 serves to
provide an even distribution of gas pressure when a
plurality of nozzles are used.
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Nozzle 32, if used singly, may be coaxially positioned
in vessel 40 to permit central current flow of the gases
and metal particles. If a plurality of nozzles are used,
they may be concentrically mounted about the axis of
vessel 40 for the same reason, or for convenience In
handling, may be mounted in rows.

As shown in FIGS. 2 and 3, vessel 40 may be posi-
tioned in a horizontal position adjacent reservoir 30.
Nozzle 32 interconnects with vessel 40 and reservoir 30
to permit gravity flow of the molten metal from reser-
voir 30 into nozzle 32 where it is then aspirated into
vessel 40 via the atomizing gas passing through tube 24
into nozzle 32. In this manner, the level of molten metal
in reservoir 30 provides a pressure head for the metal
flowing into nozzle 32. This pressure may be adjusted,
as desired, by raising or lowering the level of molten
metal within reservoir 30.

>

10

15

In FIG. 4, an alternate embodiment 1s illustrated '

wherein reservoir 30’ and nozzle 32' are positioned
above vessel 40’ which, in this embodiment, is mounted
in a vertical position to operate in a down-draft manner.
Except for the difference in physical placement of noz-
zle 32' and reservoir 30' with respect to vessel 40', the
structure and functioning of the elements comprising
the systems of FIGS. 2 through 4 are identical. As in the
embodiment illustrated in FIGS. 2 and 3, the pressure
on the molten metal entering nozzle 32’ in FIG. 4 is
~ controlled by the molten metal level in reservoir 30'.
"Thus, in either embodiment, the particle size of the
‘atomized metal may be further controlled in accordance
with the invention by controlling the pressure of the
molten metal in the nozzle as the metal is atomized.
‘The sweeping gas used to sweep or remove the atom-
ized metal particles from vessel 40 may be either forced
into vessel 40 in a “push” system or may be pulled into
vessel 40. In the latter instance, an eductor or aspirator
which provides or creates a suction effect may be used
to collect or sweep the metal particle stream out of

vessel 40. As shown in FIG. 1, eductor 400 may be

mounted to the last cyclone 92 and connected to one or

- ..more eductor blowers 410 which sweep an air stream
" through duct 416 to eductor 400. The air stream exits to

the atmosphere from eductor 400 through exit port 420.
Within eductor 400 is a Bernoulli tube which extends
from eductor 400 into cyclone separator 92. As air 1s
pumped through eductor 400, a vacuum is created in the
Bernoulli tube which drops the pressure in cyclone 92.
This creates a pulling effect in duct 89 which is passed
back through cyclone 90 to duct 88 to vessel 40. Cool-
ing air is thereby sucked into vessel 40 through the
opening 48 and annular passageway 50 without any fans
in the metal particle gas stream.

An eductor or aspirator suitable for use in this appli-
cation may be purchased from the Quick Draft Com-
pany.

The term “aspirating means” as used herein is defined
as pulling collecting gases into the atomizing or cooling
chamber without use of mechanical devices, e.g., fans,
in the atomized particle stream for drawing the collect-
ing gases and atomized particles through the system.
That is, the use of the term “aspirating means” 1s meant
to include means, such as devices using Bernoulli tubes
whereby the collecting or sweeping gases are drawn
into the system. However, it will be understood that
devices, such as fans or blowers, etc. (external to the
atomized particle flow), can be used to force air or gases
into Bernoulli tubes and the like for purposes of draw-
ing gases through the atomizing system.
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A pushing system may also be used in the practice of
the invention; either singly or in combination with the
pulling system. For example, fans, or other air-pushing
means, such as compressed air or the like, may be con-
nected to opening 48 for purposes of forcing the collect-
ing gases into and through the system.

It should be noted, however, that in either of these
embodiments, the collecting air is swept through the
system without the particles coming in contact with any
air moving means, such as fans or the like. Thereby, the
attendant problems with such fans have been success-
fully avoided in the practice of this invention.

It will be further understood that with the eductor
system just described, a subatmospheric condition is
created adjacent the nozzles on plate 46. However, with
the use of a pushing device, as referred to immediately
above, a greater than atmospheric condition can be
obtained in vessel 40. Thus, it will be understood that a
combination of the push and pull systems may be
blended in order to get a controlled atmospheric pres-
sure adjacent the nozzles during operation or slightly
above or slightly below if it is desired to operate in these
areas, depending to some extent on the type of particle
desired. -

While such wvariations in the operating pressure
within vessel 40 may have an effect on the particle size
of the atomized metal, such effects may be compensated
or adjusted for, in accordance with the invention, by
varying the pressure of the molten metal entering the
nozzle by varying the level of molten metal with the
reservoir in accordance with the invention.

While the invention has been illustrated in the hori-
zontal and down-draft position, it will be understood
that the principles involved can be applied to a vertical
updraft chamber. It will be understood that the pressure
for the molten metal can be achieved in the updraft
system by the use of gravity or pumps, for example.

Thus, the production of atomized powder by the
apparatus and process of the invention as herein de-
scribed is thus carried out in a safer and more economi-
cal manner. Minor modifications of the herein described

 embodiments may be apparent to those skilled in the art

and is deemed to be within the scope of the invention as

defined by the appended claims.

What is claimed is:

1. A method of producing atomized metal particles

which comprises the steps of:

(a) providing a source of molten metal in a reservoir;

(b) introducing said molten metal to a containment
vessel in finely divided particles, said vessel having
a sidewall terminating in an end plate through
which atomizing gas and molten metal from said
reservoir are introduced to said vessel through
nozzle means sealed to said end plate and nozzie
means cooperating to seal off the end portion of the
vessel;

(¢) introducing a sweeping gas into said vessel
through an open air ingress port which provides an
air entry for collecting gas to enter said vessel and
sweep said particles from said containment vessel
and

(d) controlling the pressure of the molten metal enter-
ing said vessel from said reservoir through said
nozzle means to compensate for changes in the
operating pressure in said vessel caused by the
means used to bring said sweeping gas into said
vessel whereby the particle size of the atomized
metal may be controlled..
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2. The method of claim 1 wherein the particle size of
the finely divided particles is controlled by controlling
said molten metal pressure by positioning at least a
portion of said reservoir above said nozzle means and
controlling the level of molten metal in said reservotr.

3. The method of claim 2 wherein said reservoir is

positioned adjacent said vessel.
4. The method of claim 2 wherein said reservoir is

positioned above said vessel.

5. The method of claim 2 wherein said reservoir and
said vessel are interconnected by a plurality of nozzle
means. |

6. A method for controlling the particle size of atom-
ized metal particles which comprises the steps of:

(a) providing a source of molten metal in a reservoir;

(b) introducing said moilten metal from said reservoir

to a containment vessel in a flow of finely divided
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particles and atomizing gas through nozzle means
sealed to an end plate 1n said vessel whereby an end
portion of said vessel 1s sealed off from said reser-
VOIr;

(¢) introducing a sweeping gas into said wvessel
through an ingress port which provides an open
entry into said vessel for air to be brought from the
outside into said vessel to sweep said particles from
sald containment vessel; and

(d) adjusting the pressure of the molten metal enter-
ing said vessel from said reservoir through said
nozzle means to compensate for changes in the
operating pressure in said vessel caused by said air
being either pushed or pulled into said vessel to
thereby control the particle size of the atomized

metal produced in said containment vessel.
* * X ¥ %
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